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AbstrAct
New excavations in the famous Monte san Giorgio area, close to the historical 
sites where the cassina beds crop out (Lower Meride Limestone, Early Ladin-
ian), revealed an interesting vertebrate fauna, including several specimens of 
the actinopterygian fish Saurichthys. Among the prepared specimens, three 
specimens of Saurichthys contain embryos, and in one example the embryos 
are preserved with traces of the soft parts, most probably phosphatized mus-
culature. this discovery is of particular relevance because fossil embryos with 
preserved soft parts are extremely rare. In addition, although viviparity had 
previously been described for Saurichthys, the new specimens are rather bet-
ter evidence and add further support to this reproductive mode.
Introduction and geological setting
the Middle triassic carbonate succession of Monte san Gior-
gio consists of four different formations (Fig. 1). Above the 
Anisian salvatore Dolomite lies a 16 m thick besano Forma-
tion (Anisian–Ladinian boundary), from which the greatest 
part of the well known vertebrate fauna of Monte san Giorgio 
has been recovered (bürgin et al. 1989; Furrer 2003). Overly-
ing it is the san Giorgio Dolomite which, in turn, grades into 
the well-bedded Ladinian Meride Limestone, reaching a total 
thickness of 400–600 m.
Among the parallel-bedded calcilutite sequence of the 
Early Ladinian Lower Meride Limestone three fossiliferous 
beds are known, each consisting of intercalations of finely 
laminated, organic-rich black shales, micritic limestones and 
marls: the cava inferiore, cava superiore and cassina beds. 
All these beds are interpreted as deposited within intraplat-
form basins under predominant dysoxic to anoxic conditions 
(Furrer 1995). Preliminary results of taphonomic and palaeo-
ecological studies in the fossiliferous cava inferiore and cava 
superiore beds were described by Furrer (1999a, b; 2001a, b) 
and a model of the palaeoecology for the three fossiliferous 
beds in the Lower Meride Limestone (cava inferiore, cava 
superiore and cassina beds) was presented by Müller-Merz et 
al. (2005: fig. 27).
the cassina beds are named after the locality lying to 
the south of the summit (Fig. 1), where they were originally 
investigated in 1933 by the University of Zürich which car-
ried out further excavations in 1937 and between 1971–1975. 
together with specimens of the sauropterygians (marine 
reptiles) Ceresiosaurus lanzi, Neusticosaurus edwardsii, Ma­
crocnemus bassanii and Tanystropheus meridensis, a large 
ichthyofauna was collected, dominated by examples of well-
preserved Saurichthys curionii and S. macrocephalus (Kuhn-
schnyder 1974; Wild 1980; rieppel 1985; bürgin 1992, 1999; 
Furrer 1995, 2003; Hänni 2004). In addition, smaller actinop-
terygians referred to three different genera are also reported: 
Peltopleurus sp. (one single specimen described and figured 
by bürgin 1992), Archaeosemionotus sp. nov. and Macro-
semiidae gen. et sp. nov. (both listed in bürgin 1999, but un-
described).
In 2006, the Museo cantonale di storia Naturale (Lugano) 
undertook a new excavation in the cassina beds at the type lo-
cality, to investigate bed by bed a surface of about 40 m
2
 through 
the whole fossiliferous succession. the new site lies nearly 50 m 
north of the previous ones.
In the new site the outcrop of fossiliferous beds represent 
an almost 3 m thick interval (only a third of it has been exca-
vated so far; Fig. 2) of mainly interbedded finely laminated, or-
ganic-rich shales and limestones with intercalated thicker bitu-
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minous micritic and marly limestones. Lack of bioturbation and 
physical reworking, and the presence of mostly complete and 
articulated fossils in the above-mentioned layers point to depo-
sition below storm wave base and in oxygen-depleted bottom 
water, and thus excluding large benthic organisms. Evidence 
of a weak current activity of smaller fossils, occurs in a single 
case in the form of selective orientation but the available data 
from that bed is too scanty to be conclusive. Normal graded 
calcarenites, showing erosional surfaces and bearing scattered 
clearly reworked fossil fragments, suggest the instability of the 
basin margins and the occasional influence of turbidity cur-
rents. Volcaniclastic layers (tuffs and bentonites) are frequent 
throughout the section.
Along with sauropterygian remains (isolated bones and 
teeth), the new excavations brought to light many complete and 
well-preserved specimens of the large (up to 0.5 m standard 
length) predatory actinopterygian fish Saurichthys (mainly 
S. curionii, but S. macrocephalus is also present). Medium sized 
(15–20 cm standard length) fishes are so far represented by 
the neopterygian Archaeosemionotus, with semi-durophagous 
dentition; smaller (less than 10 cm standard length) actinop-
terygians, like Eosemionotus (not previously reported from 
these beds), with elongate, pencil-like teeth effective for pick-
ing small organisms from the bottom (bürgin 2004) and Pelto­
pleurus, probably a schooling fish feeding on small planktonic 
invertebrates (Furrer 1995), complete the current vertebrate 
discoveries.
rare discoveries of macro- and microbenthos, such as the 
serpulid Spirorbis sp. along with benthic foraminifers, ostracods 
and dasycladacean algae (mainly preserved in calcareous con-
Fig. 1. Map of the Monte san Giorgio area (ticino, southern switzerland), showing the carbonate Anisian–Ladinian sequence together with the locality 
 cassina.
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cretions) are regarded as allochthonous, coming from shallow-
water environments of the surrounding carbonate platform 
and washed into the basin by storms.
the abundance of well-preserved fragments of land plants 
(mainly conifers) suggests the presence of small islands or 
larger terrestrial areas nearby (Furrer 1995; Müller-Merz et al. 
2005).
Institutional abbreviations. – the three specimens described in 
this paper are housed at the Museo cantonale di storia Na-
turale (McsN), Lugano, switzerland. comparisons are made 
with specimens housed in the collection of the Paläontolo-
gisches Institut und Museum Zürich (PIMUZ), Zürich, swit-
zerland.
Systematic Palaeontology
Actinopterygii WoodWaRd 1891
Actinopteri cope 1871
chondrostei MülleR 1845
saurichthyidae GoodRich 1909
Saurichthys aGaSSiz 1835
Saurichthys curionii (Bellotti 1857) (Figs. 3–6)
see rieppel (1985) for synonymy.
Material. – three specimens McsN 8016, McsN 8017 and 
McsN 8018.
Description
the overall body size (about 30 cm in standard length) and pro-
portions, the long and slender rostrum (approximately 72% of 
skull length) with diminutive dentition, the opercular bone ap-
proximately as wide as it is tall, and the mid-lateral scales that 
are triangular, low and rather broad, along with the number of 
lepidotrichia for each fin allow to attribute all these specimens 
to S. curionii (Bellotti) as diagnosed by rieppel (1985).
specimen McsN 8017
this specimen (Fig. 3a) is incomplete since the tip of the ros-
trum is missing and the cranialmost portion of the body is ob-
scured by a fault. A dark area outlines the body shape. Within 
this area at the level of the anteroventral half of the body, in 
correspondence of the abdominal cavity, at least seven small 
Saurichthys skulls are visible. Preservation of these skulls is 
rather poor and mostly only faint remains of the rostrum can 
be clearly detected along with a dark patch corresponding to 
the orbit area. these small skulls are almost equal in size and 
the best-preserved skull is 14 mm long. two skulls are oriented 
cranially while five skulls are oriented caudally and three of 
the latter are slightly superimposed on each other. the (skull/
length)–ratio between the large and small specimens cannot be 
calculated due to the lack of the anterior portion of the skull in 
the large specimen, but judging from its overall size, it has to be 
similar to that of specimen McsN 8018 described below.
specimen McsN 8018
this specimen is nearly complete and articulated but the por-
tion of body caudal to the anal and the caudal fin could not be 
recovered because the stone slab bearing the fossil is crossed 
by a small fault that displaced the level of several centimetres 
(Fig. 3b). the preserved portion of the skull is 156 mm long. In 
the cranioventral half of the body at least seven small skulls of 
Saurichthys are present, their preservation being somewhat bet-
Fig. 2. Detailed section of the uppermost part of cassina beds, excavated so 
far. the position of the Saurichthys specimens described herein is indicated. 
see star in Figure 1 for location of cassina beds within Meride Limestone.
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Fig. 3. Saurichthys curionii, specimen McsN 8017 (a) and McsN 8018 (b). close up of a rostrum (1) and a complete skull (2) of embryos from specimen 
McsN 8018 (c). the photograph (c) has been digitally enhanced to allow better visibility of the embryo skull, by increasing its contrast with respect to the matrix. 
scale bars: 50 mm (a, b); 5 mm (c).
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Fig. 4. Saurichthys curionii, specimen McsN 8016 (a). sketch of the same specimen (b), stippled contours refer to the dark areas; in the box, an enlargement of 
the body region with some of the embryos preserved (skulls in solid black and soft parts striped). scale bar: 50 mm.
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ter than in McsN 8017. Four of the small skulls are caudally ori-
ented, two point cranially and one is transverse (dorsoventrally). 
three of these skulls lie outside of the line of the ventral scales. 
All the small skulls are approximately of the same size, the best 
preserved being 14 mm long, so that the ratio between the length 
of the skull of the small specimens and the large one is 0.09. 
this ratio is about the same that for the specimen PIMUZ t3917 
(bürgin 1990), considered as a gravid female of S. curionii (riep-
pel 1985; bürgin 1990), therefore the reported small specimens 
can be considered as embryos with some confidence.
specimen McsN 8016
this articulated specimen, exposed mostly on its right side and 
nearly complete, has a skull 149 mm in length (Fig. 4a). the con-
tour of its body is approximately outlined by the presence of a 
thin dark area. the vertebral column is bent and the vertebral 
series is interrupted at two points, just caudal to the cleithrum, 
and at the base of the tail. A distinct widening of the dark area 
of organic matter representing the outline of the body may sug-
gest that the cranial half of the trunk was somewhat expanded 
after death as though it was inflated then squashed. Within this 
area (Fig. 4b), sixteen very small skulls are present, their shape 
being almost identical to those described for the embryos found 
within the body of specimen PIMUZ t4106 of S. macrocephalus 
by rieppel (1985) and bürgin (1990). Observation of skull char-
acters is even more difficult than in PIMUZ t4106, due to the 
small size and poor preservation. Only the elongate jaws and a 
dark patch corresponding to the orbital region are detectable in 
most cases. As for the previously described specimens, the small 
skulls (Figs. 4, 5) are all approximately of the same size, but much 
smaller than those contained in the other two specimens, with a 
mean length of only 6 mm. the (embryo skull length/adult skull 
length)–ratio is 0.04, which is similar to the same ratio measured 
for specimen PIMUZ t4106 (i.e. 0.05; bürgin 1990).
the preservation of these small specimens, however, shows 
a peculiarity that was not reported for other embryos attributed 
to Saurichthys so far because each skull is associated with a tiny, 
narrow and elongate structure. At higher magnifications (Fig. 5), 
this structure appears as composed of short and narrow cylinders, 
that are either curled or comma shaped. the nearly one-to-one 
association between the embryonic skulls and the narrow cylin-
ders suggests that they may represent some postcranial structure 
of the embryos. A fourth gravid specimen from the new excava-
tion is currently under preparation; preliminary observation re-
vealed that the size of the embryos it contains is roughly similar 
to that of specimens McsN 8017 and 8018 and that no traces of 
postcranial structures of embryos are preserved. 
Discussion
the identification of these tiny, narrow and elongate structures 
preserved in specimen McsN 8016 is problematic. However, it 
is not plausible that these rod-like structure may represent fos-
silized vertebrae of the embryos because they are solid cylinders 
while in Saurichthys vertebrae are c shaped empty rings, and 
also these structures are too large for this developmental stage 
to represent the notochord (ballard & Needham 1980; Wang 
et al. 1985). the application of drops of a solution of nitric acid 
and ammonium molibdate on these structures turned their co-
lour from white to bright yellow, indicating the precipitation of 
ammonium phosphomolibdate thus revealing their phosphatic 
nature (Green Owen 2001). Phosphatization may occur for soft 
parts if the microenvironmental conditions around the carcass 
allow precipitation of phosphate, as detailed further, however it 
is difficult to establish which soft part was phosphatized. these 
Fig. 5. a) Saurichthys curionii, specimen McsN 
8016, high magnification detail of an embryo. 
b) Embryo of the extant zebrafish (Danio rerio), 
in lateral (left) view, processed with antimyosin 
antibody to show the somites; the arrow indi-
cates the portion of the body enlarged in (c) for 
a better visualization of the somites. the photo-
graph in (a) has been digitally enhanced to allow 
better visibility of the embryo skull, by increas-
ing its contrast with respect to the matrix. scale 
bar: 5 mm (a). Figure 5b and c are a courtesy of 
Gianluca tettamanti.
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structures cannot represent remains of the notochord, because 
their section is too thick, or of the digestive tract, because they 
are segmented and seem to be too long if compared to the size 
of the skull. the size and length of these structures with respect 
to the associated skulls are compatible with the axial muscu-
lature (ballard & Needham 1980; Wang et al. 1985) and recall 
the morphology of embryos in extant fishes (Figs. 5b, c). In this 
case, the curled narrow cylinders may well represent the fossil-
ized musculature of the embryos and each segment could cor-
respond to a somite. A sEM (scanning Electron Microscope) 
observation confirms the metameric structure of the cylinder 
(Fig. 6a), but it was not possible to observe details of muscu-
lar fibres, perhaps due to preservational biases. spheroidal to 
ovoidal bodies (Fig. 6b), a few microns in size, cover embryos 
as well as dark areas outlining the body. they are interpreted 
as lithified bacteria, similar to those reported in Wuttke (1983), 
Martill (1987) and schieber (2002). the preservation of muscu-
lar mass in the embryos of McsN 8016 may be due to peculiar 
conditions of fossilization: possibly the dark area representing 
the body outline was a consequence of bacterial activity, as oc-
curs in some specimens of the sauropterygian Neusticosaurus 
(sander 1989: p. 622), where the dark areas are actually remains 
of bacterial mats, sometimes with fossilized skin. Preservation 
of rapidly decaying tissues like muscle, normally requires their 
replication by rapid authigenic mineralization (Martill et al. 
1992). taphonomic studies suggest that apatite forms in oxy-
gen depleted environments, often in fully reducing conditions 
(Lucas & Prevôt 1985) and in presence of organic matter that 
may also represent the source of the phosphate. this process 
depends upon the generation of steep geochemical gradients 
by action of decay microbes (briggs 2003). Also, experimental 
evidence (sagemann et al. 1999) suggests that microbial activ-
ity creates microenvironments within the decaying carcass, con-
trolling the mineral species that form during these processes. 
this activity influences the switch between calcium carbonate 
and calcium phosphate precipitation, by local variations of the 
pH (briggs & Wilby 1996). According to briggs (2003) the con-
ditions allowing precipitation of phosphate may be limited only 
to some area of the carcass, depending on the microbial activity. 
the bacterial mat growing on and within the Saurichthys car-
cass generated a closed environment where the pH was reduced 
(Martill 1988), allowing the precipitation of phosphate, that re-
placed the muscle tissue of the embryos. the decaying muscular 
mass of the mother body was the source of the phosphate that 
had been trapped by the bacterial mat, avoiding its dispersion 
in the surrounding environment. the decay processes possibly 
prevented the preservation of the fine structure of muscular fi-
bres but only of the muscular mass. this represents the first case 
of preservation of soft tissues in embryos of Saurichthys.
Concluding remarks
Evidences of viviparity among fossil actinopterygians are 
rather scarce (bürgin 1990). For the triassic, other evidences 
have been reported from the Lower triassic species Birgeria 
nielseni from Madagascar (beltan 1977, 1980), and modifica-
tion of the anal fin suggesting internal fertilization has been 
found in the Middle triassic species Peltopleurus lissocephalus 
(bürgin 1990) and P. nuptialis (Lombardo 1999) along with the 
Middle and Upper triassic species of the genus Saurichthys 
(Griffith 1977; rieppel 1985; bürgin 1990).
the discovery of three further specimens of Saurichthys 
containing embryos is important to confirm the viviparity in 
this genus (rieppel 1985; bürgin 1990; Furrer 2003: fig. 20), 
since few other gravid specimens have been found. In addition, 
the specimen McsN 8016 is of further relevance, as it is the first 
example of preservation of soft tissue and postcranial struc-
tures in the embryos of Saurichthys by bacterial activity.
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